I. INTRODUCTION With the development of the modern wireless communications, the ultra-wideband (UWB) systems have attached much attention recently because of its advantages including high speed data, small size, low cost, low complexity [1] [2] [3] [4] . As the important part of the UWB systems, the antenna has received increased attention due to its impedance bandwidth, simple structure and omni-directional radiation pattern. Recently, a lot of UWB antennas have been realized for 3.1GHz-10.6GHz applications [1] [2] [3] [4] [5] [6] [7] [8] , such as spline-shaped antenna [1] , diamond antennas [2] [3] , annual ring antenna [4] , bow-tie antennas [5] [6] ,triangular patch antennas [7] , square monopole antenna with inverted T-Shaped notch in the ground plane [8] . However, several narrow bandwidth systems have been used for a long time, such as WLAN (5-6GHz) and X-band systems. But most of the proposed antenna only has one band-notch characteristics [9] [10] [11] [12] [13] , such as pie slot antenna [9] , U-slot antennas [10] , parasitic elements [11] , slots [12] [13] [14] . Three UWB antennas using SSRs [15] , C-shaped parasitic strip and slots [16] and E-shaped slots have been realized [17] .
But the allocation shapes have intensive influence to band notch characteristics. It is difficult to fabricate and adjust the central frequency of the notch band.
In this paper, a compact CPW-fed UWB antenna with dual band notch characteristic is investigated numerically and experimentally. By using two U-shaped slots in the radiation patch and an rectangle slot in the CPW ground, two band-notched frequency will be appeared, which reduce the potential interference. The antenna was successfully optimized by Ansoft high frequency structure simulator (HFSS) 10, fabricated and tested. It is found that the designed antenna satisfies all the requirements in the UWB frequency band except 5-6GHz for WLAN and 7.7-8.5GHz for X-band. Details of the antenna design are presented herein and the measured voltage standing-wave ratio, radiation pattern and the gain are given.
The article is divided as follows: Section II discusses the antenna model and the configuration;
Section III gives the studies on the key parameters; Section IV shows the measured results of the VSWR, radiation pattern and the gain. Section V concludes the article.
II. ANTENA DESIGN The photograph of the fabricated antenna is shown in Fig.2 . In order to obtain the characteristic of the antenna, the current distributions of the proposed antenna have been investigated by using the Ansoft HFSS 10. It can be seen from the Fig.4 (a) , the rejection frequency can be changed from 5GHz to 6GHz by increasing length L2 of the rectangle slot. At the same time, the other rejection frequency at X-band is also changed. Form the Fig.3 ; we can see that changing current distribution at the X-band could alter rejection frequency. Therefore the length of the rectangle is the key parameter, then, it should be selected carefully in the design. Fig.4 (b) shows that with the increasing in the length of L3, the higher rejection frequency produced by U-shaped would moves to the lower level, while lower the rejection frequency only changed slightly at 5-6GHz. Fig.4 (c) indicates that the width g is a crucial factor for the rejection frequency at X-band. The higher rejection frequency can changed rapidly with the increasing of g. The changed current distributions between the radiation and the CPW ground cause this situation. Fig.4 (d) describes the influence of the dimension of the square radiation patch m.
With the increasing of the dimension of the radiation patch, the higher rejection frequency at X-band removes to the lower band. While the lower rejection frequency at 5-6GHz for WLAN changed slightly. The entire above can implies that the proposed antenna has two rejection frequencies .The lower at 5-6GHz for WLAN is mainly determined by the rectangle slot and the higher at 7.7-8.5GHz
for X-band is caused by the U-shaped slots and the distance between radiation patch and CPW ground (g). As the electrical size has more effect on impedance bandwidth, they need optimized by tradeoff in this design.
For the length of the slots have great influence on the notch band. The length of the embedded rectangle slot and the two U-shaped slots can be postulated as [16] 2 notch re c f
where L is the total length of the U-shaped slots and rectangle slot, re ε is the effective dielectric constant, and c is the speed of light. We take (1) and the parameters studies above into consideration From the Fig.5 , the measured result is seen well agreed with the simulated result which helps to verify the design accuracy. The differences between the simulated and measured values may be due to the errors of the manufactured antenna and the SMA connector to CPW-fed transition, which is included in the measurements but not taken into account in the calculated results. Two notch bands characteristic are found from Fig.5 . The radiation patters were measured in an anechoic chamber. The measured radiation patterns mainly at 3.5GHz, 6.5GHz and 9.5GHz are shown in Fig.6 . It shows that the antenna can give a nearly omni-directional characteristic in the x-y plane and quasi omnidirectional pattern in the x-z plane. As can be seen in Fig.6 , the radiation patterns in the x-y plane deteriorate more or less with the frequency increasing, but the radiation patterns are still nearly omnidirectional. The peak gains of the proposed antenna at these frequencies are achieved by compared to a wire dipole antenna. A stable gain can be obtained throughout the operation band expect the two notched frequencies. In order to compare, the proposed antenna without slots is also measured. The gain of the proposed antenna with and without slot is shown in Fig.7 . In the operation band, two sharp gains decreased in the vicinity of 5.5GHz and 8.0GHz. The gain drops to -3.6dBi and -2.4dBi at the notch band, respectively.
V. CONCLUSIONS
A CPW-fed ultra-wideband antenna with dual band-notch characteristic is proposed for UWB applications. Dual stop band is achieved by cutting two U-shaped slots in the radiation patch and a rectangle in the CPW ground. The antenna is successfully optimized, fabricated, tested. The results show that the antenna not only has dual band notch characteristics but also has good radiation pattern.
